Abstract-Fruit images segmentation is one of the important issues for fruit recognition. Inspired by the retina structure, a colour perception neural network is proposed to extract multiple colour features, and is applied to tomato fruits segmentation under natural complex background. The network is composed three layers. Input layer is colour perception layer inspired by the retina. The multiple colour space features based on retina structure and gray information are extracted. The middle layer is a back propagation neural network. The output layer is the segmented image. The experimental results show that the network can be used to well segment mature or immature tomato fruits from colour images with complex background, and eliminate the holes of segmentation image due to fruit surface refection. The proposed network is promising to be applied to fruit recognition of robots.
INTRODUCTION
Fruit picking robot is regarded as a potential replacement to release human beings from fruit harvest operation. The key of fruit picking robot is able to segment fruit from the complex background rapidly and accurately. Images segmentation in computer vision and image processing technology is one of the most difficult tasks. In recent years, there are many published research about the fruit images segmentation methods. For example, thresholding for Image segmentation, watershed transformation, K-means clustering algorithm, neural networks, and so on. Shah-Hosseini [1] used multilevel thresholding method to segment gray-level images. Dadwal et al. [2] , operated directly on RGB(red-green-blue ) colour space without colour space transformation for apple image segmentation. The basic idea was based on thresholding method. Guo et al. [3] , developed a threshold based algorithm with the R-B feature to segment red strawberry for harvesting robot. Ohta colour space was selected in this method. Annamalai et al. [4] reported a machine vision system to identify citrus fruits and to estimate yield information of citrus groves. The threshold of segmentation of the images to recognise citrus fruits was estimated from the pixel distribution in the HIS (hue-saturation-intensity) colour plane. Watershed transformation is one of the oldest segmentation techniques which were initially due to Beucher and Lantuejoul. Belaid et al. [5] proposed a new method based on a fast topological gradient algorithm and a watershed transformation to deal with the gray level image over-segmentation problem. Mente [6] used K-means clustering algorithm on the L*a*b colour space to segment colour fruit image. Jaffar et al. [7] also converted RGB to L*a*b colour space and used K-means clustering to segment Fresh Fruit Bunches images. Zhang et al. [8] used BP (Back Propagation) neural network to segment colour images. Because of R, G and B components strongly influencing by light, cucumber fruit image was transformed into HIS space.
Even though all these methods segment the fruit images effectively, the result of segmentation images based on single colour space always have many holes and incomplete due to fruit surface reflection. Biological evidence shows that the retina contains two forms of photosensitive neurons, i.e. rods and cones [9] . Rod cells are highly sensitive to light and respond in dim light and dark conditions. Three types of cones have primary sensitivity of red, green, and blue lights. Inspired by the roles of rods and cones in retina, the proposed approach in this paper has used multiple colour space combination based on retina structure and colour perception neural network. Multiple colour space combination not only reduces the illumination effect and enhances image colour information, but also removes holes in the segmented image. Therefore, accuracy of segmentation of fruit images can be improved. This paper is organized as follows. In section 2, a method of fruit images segmentation and the architecture of the neural network are proposed. In section 3, algorithm for proposed network is introduced. In section 4, some experimental results are presented. Finally, some conclusions and a topic for further study are given in section 5.
II.
ARCHITECTURE OF THE PROPOSED NETWORK
The human visual system is quite complicated. It extracts various features through different parts. In the visual pathway, photoreceptors in the retina are the first level of neurons, including cone and rod cells. There are various receptive field of photoreceptor cells directly or indirectly affect certain nerve cell [10] . Inspired by retina structure and receptive field, a colour perception neural network is proposed. The architecture of neural network is shown in fig.1 . In this model, five features are extracted as the input of the neural network for colour pixel P(x,y). r(x',y'),g(x',y'),b(x',y') are components in RGB colour space , i(x',y') is component in HIS colour space, and n(x',y') = 0.2989r(x',y') + 0.587 g(x',y') +0.114b(x',y') is gray level. In input layer, R(x,y), G(x,y),B(x,y),I(x,y) are neurons based on cones corresponding to receive field RCx,y, N(x,y) is neuron based on rods corresponding to receive field RNx,y, A and B are areas of receive field(A<B) ,the expressions as follow eqns. Five neurons in input layer are corrected to hidden layer, and hidden layer has five neurons correcting to neuron O(x,y) in the output layer of neural network . O(x,y) has dimension as same as input image and can be assigned as classification numbers. The neural network can be trained to segment colour fruit images, as equation. (6): III. ALGORITHM FOR THE PROPOSED NETWORK The training dataset contains two categories pixels, one is sampled from fruit areas of colour image, and the other is sampled from background areas of colour image. The received field of RCx,y is selected as 3×3 pixels and RNx,y is selected as 5×5 pixels. These receptive fields can be adjusted according to the different images. But the larger the receptive fields, the more immune to noise, with trade off, loss of the sharpness at the border of the object [10] . Detailed procedures of the method are described as follows:
Step1: Sample training dataset. Step3: Finally, mask0 and mask1are mask map corresponding to background and fruit area. The area of objects are less than a minimum size threshold , that will be removed from the mask0 and mask1 respectively in order to remove the noise of fruit images segmentation. Using the following method, two areas can be separated.
1.Load original image P(x,y) as testing dataset, using trained neural network to get output value O(x,y). The network is applied to separate mature tomato fruits on the tree under natural illumination condition, as fig.6 shown. Fruits are successfully detected. In Original tomatoes images, fruit surface have several bright spots due to reflection, but there are no holes in segmentation images. Fig.7 illustrates the results of different type tomatoes segmentation. Fig.8 shows the results of immature tomatoes segmentation. The colour of immature tomatoes is similarly to the background. Fig.9 shows the result of segmentation image using the K-means clustering method, which has many holes at fruit areas. 
CONCLUSION
This paper presents a method for colour fruit images segmentation. Biological processing mechanism is used in the network. The advantage is multiple colour space features and gray information integrated to seperate fruits in a colour image. Therefore, the proposed approach is cable to identify fruits in the colour images and remove the holes owing to reflection. The experimental results show that the network is able to segment fruits on trees efficiently in despite of the complex background and vary illumination. Further study will consider the fruits classification, fruits yield estimation and fruits disease identification using proposed method.
